The ability to implement engineering design changes in a manufacturing facility plays a significant role in the company's competitiveness. Design changes have an effect on almost all departments of the company including manufacturing engineering, tooling, marketing, fiiance, and purchasing. This paper discusses a simulation model developed to study the engineering design change approval process in a major commercial aircraft company with the objective of identifying bottlenecks and redundancies. Some of the issues in developing such models are also discussed. Engineering Design
INTRODUCTION
It is well known that the longer the lead time from engineering design change inception to implementation, the greater the costs involved. To maintain a competitive edge in the market place a company must continually improve its ability to implement engineering design changes in a timely fashion. This however, is not an easy task due to the fact that a design change usually affects almost all departments of a company including manufacturing engineering, tooling, product engineering, product support, marketing, finance, master scheduling, handbooks, and purchasing. This task is further complicated by the inherent long production lead times with long useful lives of the product, namely aircraft. This obligates the manufacturer to have a strong product support group which must maintain a close and long term relationship with the customer and/or end user throughout the product's life cycle. Invariably customer demands, manufacturing producibility, and technological changes necessitate changes to the product which may arise prior to production, after production, or after delivery. Moreover the nature of the product(s) requires that many major components be procured well in advance from outside suppliers.
This has a significant effect on product design changes made after an order has been placed to a supplier. Therefore the company works closely with the suppliers to ensure that the engineering design changes are conveyed to the suppliers to enable timely delivery of the components. The dilemma then is how can a company best anticipate and prepare for engineering changes which may impact current andlor future production.
This was motivation for analyzing the engineering design change approval process, and develop a model that may provide the company with some insight into the way the system behaves.
The remaining seetions describe in detail the information flow process and the development of the simulation model that represents the system. Some of the outcomes of this analysis are also discussed.
GROUPS INVOLVEDIN THE CHANGE PROCESS
The following groupslpersons are involved in the engineering change approval process: 
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Purchasing 
SIMULATION MODEL
A simulation model of the approval process described above was developed using the SIMAN [2] simulation language. SIMAN was the language of choice for reasons of familiarity, and flexibility.
Flexibility was important as it was anticipated that each of the groups involved in the approval process will be modeled in future, and therefore ability for different submodels to represent the system was important. Overall structure of the model is given in Figure 2 .
SIMULATION
STUDY OUTCOME llm uyntcm wan a nun-trmninatin~fiyntem and the batch means approach was used to establish the run length and the confidence intervals. Using the SIMAN Output Processor, it was determined that, that to obtain a relative error of around 2% at a 95% confidence level, 10 batches of 240 observations each was required. This translated to 14,081 days of simulated time, with statistics cleared at 1200 days to remove start-up bias.
The simulation output was validated by consulting with experts and also comparing the overall flow times with the available data. This particular simulation study resulted in a critical examination of the activities the different engineering design change groups were involved in. The immediate outcome was in confirming the delays that take place in the engineering change approval process. One of the obvious things were the delays in routing the ECR packages between engineering groups. This could be attributed to the fact that packages were routed manually, by an individual taking it to the next group or by sending it through the company mailing system. This study resulted in justifying the management decision to introduce an electronic data transfer facility to reduce administrative delays. The simulation analysis highlighted some of the areas where a more detailed analysis of operations was required so that delays can be further reduced.
CONCLUSIONS
The simulation study of the engineering design change approval process was a result of an effort by a major commercial aircraft company, to go beyond shop floor simulation and develop factory wide simulation capability, As the engineering change process involves almost all components of a manufacturing system, it was felt that an analysis of this process would provide a good insight into the interactions among the various groups of the company. As is the case in many nontraditional applications of simulation, the biggest problem was lack of information. Considerable amount of interviewing, data collection, and cooperation from the groups involved was required before the information flow and relevant data became available.
One immediate benefit of this study, was a better understanding of the information flow by the individual groups. The other benefit was that this model forms the basis for simulation studies of the individual components of the decision process. The interest showed by the management has resulted in the intiation of a more detailed study of the role of the manufacturing engineering group in the engineering design change approval process.
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